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TILT ADJUSTABLE STEERING COLUMN ASSEMBLY 

BACKGROUND OF THE INVENTION: 

Field of the invention 
5 [0001] The present invention relates to a tilt adjustable 

steering column assembly for an automotive vehicle which is 
capable of moving a steering wheel in front of a driver's seat 
of the vehicle in a vertical direction to set an optimum drive 
position for a driver. 

10 Description of the related art 

[0002] A steering wheel of an automotive vehicle 

is tilted to move a jacket tube using a link 
mechanism so that the steering wheel is moved in 
front of a driver's seat in a vertical direction. 

15 Thus, the steering wheel can be set to the optimum 

position. For example, a Japanese Patent Application 
First Publication No. Showa 49-116742 published on 
November 7, 1974 exemplifies a first previously 
proposed steering wheel height position adjustment 

20 steering column assembly (previously proposed tilt 
adjustable steering column assembly). In the first 
previously proposed tilt adjustable steering column 
assembly, a bell crank (or a bell crank lever) is 
used to tilt a jacket tube so that the steering wheel 

25 is tilted in the vertical direction. The bell crank 
is attached onto a link member in such a way that one 
end of the link member is rotatable about a 
rotational center of the bell crank. The other end 
of the link member is rot at ably at t ached onto one end 

30 of a bracket attached onto one end of a bracket fixed 
onto a vehicle body. In other words, the rotational 
center of the bell crank is enabled to swing with 
respect to the bracket. One arm of the bell crank 
rotatably supports the jacket tube. The other arm of 
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the bell crank is linked to the jacket tube via a 
liquid pressure cylinder. The liquid pressure 
cylinder generally includes a cylinder casing and a 
cylinder rod. The cylinder casing is rotatably 
5 supported on the other arm of the bell crank and the 
cylinder rod is rotatably supported on the jacket 
tube. Another bracket fixed to the vehicle body 
serves to rotatably support the other end of the 
jacket tube. When the liquid cylinder is in a lock 

10 state, a cylinder head is held and fixed to the 

cylinder casing. A length of the liquid pressure 
cylinder is held constant. When the liquid pressure 
cylinder is in an unlock state (lock release state), 
the cylinder rod is relatively movable with respect 

15 to a cylinder casing. In other words, in the first 
previously proposed steering column assembly, after 
the steering wheel is moved vertically up to a 
position fit to a driver * s posture with the liquid 
pressure cylinder set in the lock release state, the 

20 liquid pressure chamber is in the lock state so that 
a height of the steering wheel is adjusted. 
[0003] In addition, a Japanese Patent Application 

Publication (Tokuhyo) Heisei 7-506308 published on 
July 13, 1995 (PCT/GB92/01906 ) which corresponds to a 

25 United States Patent No. 5,275,066 issued on January 
4, 1994 exemplifies a second previously proposed 
steering column assembly for the automotive vehicle. 
In the second previously proposed tilt adjustable 
steering column assembly, a bell crank lever has a 

30 rotation center rotatable about a bracket fixed to 

the vehicle body. That is to say, the bell crank is 
rotatable about rotational center fixed to a 
predetermined position. An end of the bell crank 
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lever rotatably supports the jacket tube. The other 
arm of the bell crank lever has its end linked to the 
jacket tube via an electric motor. The electric 
motor is generally constituted by a main body portion 
5 and a rod portion. The main body portion is 

rotatably supported on the jacket tube. The rod is 
rotatably supported on the end of the other arm of 
the bell crank. When the electric motor is driven, a 
projection distance of the road portion from the main 

10 body portion is varied. According to a varied 

distance of the rod portion, the bell crank lever is 
rotated so that the jacket tube is tiltably moved. 
Unless electric motor is operated, the projection 
distance of the rod portion from the main body 

15 portion is held constant. The bell crank is not 

rotated and the jacket tube is fixed. In addition, 
in the second previously proposed steering column 
assembly, a tilt rotation center (viz., a pivot axis) 
swings in forward and rearward directions 

20 (longitudinal direction of the vehicle body) when the 
jacket tube is tilted about the tilt rotation center. 
In the previously proposed steering column assembly, 
the electric motor causes the length of electric 
motor to be variable so that the bell crank is 

25 rotated. Thus, while the jacket tube is tilted in 
the longitudinal direction of the vehicle body, the 
jacket tube is tilted so that a height of the 
steering wheel is adjusted. 
SUMMARY OF THE INVENTION: 

30 [0004] However, in the first previously proposed 

tilt adjustable steering column assembly, a strength 
and a rigidity are needed to be ensured in order to 
attach an air bag onto the steering column. To 
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achieve this, it is necessary to enlarge and make the 
bell crank lever and the link member heavier. Thus, 
a manufacturing cost of the steering column assembly 
is accordingly increased. In the second previously 
5 proposed tilt steering column assembly, when the 
jacket tube is tilted, the tilt rotation center 
swings in the longitudinal direction of the vehicle 
body. Thus, there is a possibility that the steering 
wheel is excessively advanced or retracted with 

10 respect to the vehicle driver. In order to reduce a 
distance related to the advance or retraction of the 
steering wheel, a length of the one arm of the bell 
crank may be shortened and a distance between the 
rotation center and the position of the one arm on 

15 which the jacket tube is supported may be shortened. 
However, on the contrary, a tiltable distance of the 
steering wheel which naturally is needed to have 
becomes shortened. 

[0005] It is, hence, an object of the present 

20 invention to provide an improved tilt adjustable 

steering column assembly for an automotive vehicle 
which is less expensive and which can shorten the 
advance or retraction (expansion or contraction) 
distance of the steering wheel with respect to a 
25 vehicular driver while maintaining a degree of 
adjustment of the steering wheel in a vertical 
direction with respect to the driver. 
[0006] According to an aspect of the present 

invention, there is provided a tilt adjustable 
30 steering column assembly for an automotive vehicle, 

comprising: an elongated jacket tubular member having 
a tilt rotation axle at one end thereof; a fixed 
bracket placed at a predetermined middle position of 
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the jacket tubular member and having an engagement 
portion that is engaged with a tilt input axle 
mounted on the jacket tubular member; a bell crank 
lever having a rotation center axle rotatably 
5 supported on the fixed bracket and rotatably supports 
the tilt input axle of the jacket tubular member on 
one arm thereof; and an actuator having a rod portion 
to operatively actuate another arm of the bell crank 
lever to be moved to pivot the bell crank lever, the 

10 fixed bracket supporting the rotation center axle of 
the bell crank lever to enable the rotation center 
axle of the bell crank lever to swing with respect to 
the fixed bracket and the engagement portion of the 
fixed bracket being formed in an elongated hole, the 

15 elongated hole being formed to coincide with a 

pivotal orbit of the tilt input axle about the tilt 
rotation center of the jacket tubular member, 
[0007] This summary of the invention does not 

necessarily describe all necessary features so that 

20 the invention may also be a sub- combination of these 
described features. 
BRIEF DESCRIPTION OF THE DRAWINGS: 

[0008] Fig. 1 is an explanatory view for explaining a tilt 

neutral position of a tilt adjustable steering column assembly 
25 for an automotive vehicle in a preferred embodiment according 
to the present invention. 

[0009] Fig. 2 is an explanatory view for explaining a tilt 

uppermost position of the tilt adjustable steering column 
assembly for the automotive vehicle in the preferred 
30 embodiment according to the present invention. 

[0010] Fig. 3 is an explanatory view for explaining a tilt 
lowermost position of the tilt adjustable steering column 
assembly for the automotive vehicle in the preferred 
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embodiment according to the present invention. 

[0011] Figs. 4A and 4B are explanatory views for explaining 
a relationship between a bell crank lever and a vehicular body 
rearward bracket (fixed bracket) in the preferred embodiment 
5 of the tilt adjustable steering column assembly according to 
the present invention. 

[0012] Fig. 5 is an explanatory view for explaining an 

eccentric distance on an eccentric bush used in the tilt 
adjustable steering assembly of the preferred embodiment. 
10 [0013] Fig. 6 is an explanatory view for explaining a 

concept of a tilt of the tilt adjustable steering column 
assembly in the preferred embodiment according to the present 
invention. 

[0014] Fig. 7 is an explanatory view for explaining the 

15 concept of the tilt of the tilt adjustable steering column 
assembly. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS: 
[0015] Reference will hereinafter be made to the drawings 

in order to facilitate a better understanding of the present 
20 invention. 

[0016] Figs. 1 through 3 show a preferred embodiment of a 

tilt adjustable steering column assembly according to the 
present invention. Fig. 1 shows a state in which a jacket 
tube (also referred to as a jacket tubular member) denoted by 
25 4 is under a tilt neutral state. Fig. 2 shows a state in 
which jacket tube 4 is under an uppermost tilt state. Fig. 3 
shows a state in which jacket tube 4 is under a 

lowest tilt state. In tilt adjustable steering column assembly 
2, jacket tube 4 is supported on a vehicle body at two points 
30 in a longitudinal direction of the vehicle by means of a 
vehicular body forward bracket 6 and a vehicular body rearward 
bracket 8 which is a fixed bracket. A tilt rotation center 
axle 10 of jacket tube 4 rotatably supported on vehicular body 
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forward bracket 6 serves as a tile rotation center to tiltably 
move jacket tube 4. It is noted that a reference numeral 12 
denotes a steering wheel attaching portion to attach a 
steering wheel 1. Tilt rotation center axis 10 is formed on a 
5 first auxiliary bracket 14 fixed onto one end of jacket tube 4. 
Tilt rotation center axis 10 is positioned on an axial center 
of jacket tube 4 and always retained at a constant position. 
[0017] A tilt input axle 16 is disposed on jacket tube 4 at 

a position thereof nearer to a driver's seat (not shown) than 

10 tilt rotation axle 10. Tilt input axle 16 is formed on a 
second auxiliary bracket 18 fixed to a jacket tube 4 and 
positioned on the axial center of jacket tube 4. As 
appreciated from Figs. 1 through 3, tilt input axle 16 is 
rotatably engaged with an inner wall of a substantially 

15 ellipse shaped elongated hole 20 and is slidably engaged 
therewith along an elongated axis direction. It is noted that 
a reference numeral 21 shown in Fig. 4A is a guide member made 
of a resin and mounted about an inner wall of the elongated 
hole 20. A slidability of tilt input axle 16 with respect to 

20 elongated hole 20 is made favorable and a generation of a 
metallic sound due to a direct contact of tilt input axle 16 
with the inner wall of elongated hole 20. Elongated hole 20 
is formed so that a curvature of a center line of the 
elongated axis direction is made coincident with a rotation 

2 5 trajectory (locus or orbit) of tilt input axle 16 about the 
tilt rotation center. Tilt input axle 16 is rotatably 
supported on one arm 22a of bell crank 22. Furthermore, 
vehicular body rearward bracket 8 is formed with a hole into 
which an eccentric bush 26, as will be described later in 

30 details, is inserted. A collar 29 is disposed on bell crank 
lever 22 as shown in Figs. 4A and 4B. A bolt (not shown) 
rotatably and axially supports eccentric bush 26 and collar 2 9 
by means of a bolt (not shown). In details, rotation center 
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axle 24 of bell crank lever 22 is supported on a vehicular 
body rearward bracket 8 via a bolt to be enabled to rotate 
(pivot) and to swing with respect to bracket 8. 

[0018] Another arm 22b of bell crank lever 22 rotatably 

5 supports nut 31 by means of a rotation of rod portion 28b of 
electrically drive actuator 28 which serves as a bell crank 
lever driving (section) means. 

[0019] Fig. 5 shows eccentric bush 26 described above. A 

center R of rotational center axle 24 of bell crank lever 22 

10 is rotatably connected at a position remote from rotation 
center S of eccentric bush 26 by a predetermined eccentric 
distance a. Hence, rotational center axis 24 of bell crank 
lever 22 is swingably and rotatably supported on vehicular 
body rearward bracket 8 . Electrically drive actuator 28 

15 includes: a main body portion 28a rotatably attached onto 
jacket tube 4 and a rod portion 28b projected from main body 
portion 28a. A revolution of the motor incorporated into main 
body portion 28a of actuator 28 causes a projection distance 
of rod portion 28b from main body portion 28a to be variable. 

20 In tilt adjustable steering column assembly 2, the projection 
quantity (distance) of rod portion 28b is variable as 
described above. Hence, the other arm 22b of bell crank lever 
22 is moved along a plane perpendicular to a vehicle body 
width direction (lateral direction) of the vehicle so that 

25 bell crank lever 22 is rotated. That is to say, if the 
projection distance of rod portion 28b is increased, bell 
crank lever 22 is revolved in a counterclockwise direction as 
viewed from the drawings. As shown in Fig. 2, tilt input axle 
16 supported on one arm 22a of bell crank lever 22 is moved 

30 toward an upper direction within elongated hole 20. Thus, 
jacket tube 4 is revolved in the counterclockwise direction. 
Consequently, the position of steering wheel 1 is raised. On 
the other hand, if a projection quantity (distance) of rod 
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portion 28b is decreased, bell crank lever 22 is revolved in a 
clockwise direction as viewed from the drawings . As shown in 
Fig. 3, tilt input axle 16 supported by means of the one arm 
22a of bell crank lever 22 is moved in a downward direction 
5 within elongated tube 20 so that jacket tube 4 is rotated in 
the clockwise direction. Thus, the position of steering wheel 
1 is lowered toward a lowest position. 

[0020] It is noted that, since main body portion 28a and 

rod portion 28b of electrically drive actuator 28 can be 

10 deemed to be an integrated rigid body, in tilt steering column 
assembly 2, jacket tube 4 is tilted only when the projection 
distance of rod portion 28b of actuator 28 is varied. 
[0021] Figs. 6 and 7 show explanatory views for explaining 

operations of steering column assembly 2 in the embodiment 

15 shown in Figs. 1 through 4. In Figs. 6 and 7, a point denoted 
by A is a revolute (or turning) pair point between tilt input 
axle 16 and the one arm 22a of bell crank lever 22, a point 
denoted by B is another revolute pair point between tilt 
rotation center axle 10 and vehicular body forward bracket 6, 

20 a point denoted by C is another turning pair point between 
eccentric bush 26 and bell crank lever 22, a point denoted by 
D is another turning pair point between a rotation center S of 
eccentric bush 26 and vehicular body rearward bracket 8, a 
point denoted by E is another turning pair point between the 

2 5 other arm 22b of bell crank lever 22 and rod portion 28b of 
actuator 28, and a point denoted by F is another turning pair 
point between main body portion 28a of actuator 28 and jacket 
tube 4. The above -described eccentric distance a corresponds 
to a length between points of D and C in Figs. 6 and 7. 

30 Actuator 28 causes the distance between turning pair points of 
E and F to be varied so that the position of steering wheel 1 
with respect to the driver's posture as shown in Figs. 6 and 7 
can be adjusted. 
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[0022] If rotation center axle 24 is rotatably supported on 
vehicular body rearward bracket 8 without use of eccentric 
bush 26, bell crank lever 22 when rotated is tried to revolve 
tilt input axle 24 on vehicular rearward bracket 8 along an 
5 orbit Q (refer to Figs. 1 through 3) with an axial distance 
between rotation center axle 24 and tilt input axle 16 as a 
radius of curvature. However, using eccentric bush 26 along 
with the rotation of bell crank lever 22, rotation center axle 
24 of bell crank lever 22 swings (pivots) with respect to 

10 vehicular rearward bracket 8. Hence, it becomes possible to 
make the rotation orbit of the position at which tilt input 
axle 16 of bell crank lever 22 is supported coincident with 
the rotation orbit of the position at which tilt input axle 16 
of jacket tube 4 is disposed. In other words, using eccentric 

15 bush 26, an error distance U (quantity) (refer to Figs. 2 and 
3) between a center line P of the elongated hole 20 and a 
orbit Q described above can be eliminated (compensated for by 
the eccentric distance a) . 

[0023] In tilt adjustable steering column assembly 2, 

20 that is to say, rotation center axle 24 of bell crank lever 22 
is supported on vehicular body rearward bracket 8 (fixed 
bracket) via eccentric bush 26. Thus, without development of 
a twist when bell crank lever 22 is revolved, a tilt motion of 
jacket tube 4 can smoothly be carried out. In addition, tilt 
2 5 rotation axle 10 is always held at a constant position. Tilt 
rotation center axle 10 in vehicular body lateral direction 
does not swing. Therefore, jacket tube 4 is not moved in the 
vehicular body longitudinal direction and the advance distance 
or retraction distance of steering wheel 1 with respect to the 
30 driver can be minimized. 

[0024] Since eccentric bush 26 is used, the number of 

parts of tilt adjustable steering column assembly 2 can be 
reduced. The whole length of tilt adjustable steering column 
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assembly 2 can be minimized. A design degree of freedom of 
tilt adjustable steering column assembly 2 becomes high and a 
high rigidity and a high strength tilt adjustable steering 
column assembly 2 can be manufactured. In addition, since the 
5 design freedom becomes high, the optimum positions of the 
steering wheel with respect to various body structure driver 
can be set. Since all of the mechanisms required for a basic 
operation of the above -described tiltable steering column 
assembly are constituted by the revolute pairs, conventionally 
10 available bearings are used and it is easy to secure a 
rigidity due to very small looseness. 

[0025] It is noted that an axial weight (load) of jacket 

tube 4 can be supported by means of vehicular body rearward 
bracket 8. That is to say, vehicular body forward bracket 6 

15 and vehicular body rearward bracket 8 can support jacket tube 
4 with the axial weight of jacket tube 4 shared thereby. Hence, 
in general, the rigidity of tilt adjustable steering column 
assembly 2 can be improved. It is noted that, since tilt 
input axle 16 is engaged with elongated hole 20, jacket tube 4 

20 can be supported by means of vehicular body forward bracket 8 
with a vehicular body vertical weight shared by two separate 
brackets 6 and 8. Since vehicular body rearward bracket 8 is 
a structure such that a collision energy generated during a 
collision of the vehicle body with an object is absorbed, the 

2 5 provision of elongated hole causes the collision energy to 
smoothly be transmitted to vehicular body rearward bracket 8 . 
[0026] Consequently, a vehicular occupant protection 

performance of the steering column can be improved. 
Furthermore, since, in tilt adjustable steering column 

30 assembly 2 of the embodiment described above, vehicular 
rearward bracket 8 is not rotated when mounted in the vehicle 
body so that an easiness in assembly operation can be achieved. 
It is noted that, in the embodiment of the tilt adjustable 
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steering column assembly, eccentric bush 26 is used with 
rotational center axis 24 of bell crank lever 22 swingably and 
rotatably supported on the vehicular rearward bracket 8 . 
However, a housing recess in a circular cross section may be 
5 formed which is eccentric to a center R of rotational center 
axle 24 and the supporting axle may be supported on the 
housing recess via the bearing. Thus, without use of 
eccentric bush 26, rotational center axle 24 of bell crank 
lever 22 may swingably and rotatably support vehicular 
10 rearward bracket 8. 

[0027] The entire contents of a Japanese Patent Application 
No, 2002-222764 (filed in Japan on July 31, 2002) are herein 
incorporated by reference. The scope of the invention is 
defined with reference to the following claims. 
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